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Abstract. The use of secondary and tertiary treat-
ment of wastewater and the treatment of stormwater in 
the Metropolitan Atlanta area has mitigated many of the 
water-quality problems associated with urbanization in 
the upper Chattahoochee River Basin. However, treat-
ment has not reduced total nitrogen.  The engineering of 
urban watersheds to efficiently convey stormwater run-
off has succeeded in moderating flooding in urban areas; 
however, increased stormflow volumes and streamflow 
velocities have degraded the physical structure of some 
streams and reduced the baseflow component of total 
streamflow. Nationwide, urbanization is increasing the 
volume of wastewater that requires treatment. 
For this study, effluent discharge-monitoring data 
reported by wastewater-treatment plants (WWTPs) with 
outflows greater than 1 million gallons per day (Mgal/d) 
were analyzed in conjunction with instream nutrient con-
centrations to estimate phosphorus and nitrogen loads for 
the Chattahoochee River. Phosphorus loads have de-
creased from 1976 through 2001, primarily as a result of 
reductions in the use of phosphorus and improved 
removal processes at WWTPs. Ammonia nitrogen loads 
also have decreased during this period whereas nitrate 
nitrogen loads have increased. These changes result from 
increases in tertiary treatment that oxidizes ammonia to 
produce nitrate nitrogen. Effluent volume discharged 
from WWTPs has increased as population increased 
from 1976 through 2001. 
Hydrograph separations for streams tributary to the 
upper Chattahoochee River indicate that urbanization 
reduces baseflows, increases stormflows, and may 
reduce the assimilative capacity of the Chattahoochee 
River, making the task of restoring the designated uses 




Dramatic improvements during and since the 1980s 
in the water quality and biological integrity of the upper 
Chattahoochee River have been highlighted in national 
publications (U.S. Geological Survey, 1999; U.S. 
Environmental Protection Agency, 2000). Despite these 
improvements, continuing urban growth and nonpoint-
source runoff of contaminants and stormwater are 
expected to challenge these historic gains (U.S. 
Environmental Protection Agency, 2000). 
The U.S. Geological Survey (USGS) National 
Water-Quality Assessment (NAWQA) program col-
lected water-quality data within the framework of a 
land-use based design in the Apalachicola-Chatta-
hoochee-Flint River Basin (Gilliom and others, 1995; 
Wangsness, 1997) from 1993 to present (2003). 
Analysis of these data, as well as data from a statewide 
monitoring network established by the Georgia Envi-
ronmental Protection Division (GaEPD), has demon-
strated that both urban and agricultural land uses 
contribute significant nutrient and suspended sediment 
loads to tributaries of the upper Chattahoochee River 
(Frick and Buell, 1999). 
Urbanization is known to impact the hydrologic and 
aquatic integrity of urban streams. Simmons and Rey-
nolds (1982) reported decreases of as much as 70 percent 
in baseflow in streams draining Long Island, New York, 
from 1948 through 1970. Spinello and Simmons (1992) 
updated the study to extend the period from 1976 
through 1985. Both studies attributed the alteration of 
flow components to the installation of sanitary sewers for 
the conveyance of treated wastewater to tidewater, the 
routing of stormwater directly to streams, and an increase 
in impervious surfaces throughout the watersheds. Re-
searchers studying Metropolitan Atlanta area streams 
have noted declines in low flows during late summer and 
increases in high flows associated with runoff events 
(Wallace, 1971; Rose and Peters, 2001). Native aquatic 
insect communities become less abundant and diverse in 
streams impacted by urbanization (Garie and McIntosh, 
1986; Jones and Clark, 1987).  The effects on the aquatic 
environment begin when watershed imperviousness 
reaches 12 percent and become severe when that level 
reaches 30 percent (Klein, 1979). Recent research 
suggests that effects are considerable at much lower 




Instream constituent loads reported herein were esti-
mated using the LOADEST2 computer model (Craw-
ford, 1996), which employs the rating curve method for 
load calculations (Cohn and others, 1989; Crawford, 
1991). Point-source contributions of nutrients to the 
Chattahoochee River were estimated from discharge 
monitoring reports (DMRs) provided to the GaEPD by 
WWTPs. Data were obtained for 11 plants in Metro-
politan Atlanta that discharge more than 1 Mgal/d of 
treated effluent to surface waters in the upper Chatta-
hoochee River Basin downstream from Buford Dam and 
within Metropolitan Atlanta. Loads were calculated by 
multiplying the monthly mean discharge by the monthly 
mean constituent concentrations reported by the facilities. 
The period of record of daily discharge (data 
collected by the USGS stream-gaging program) for six 
tributary streams in the Metropolitan Atlanta area (Fig. 1), 
with at least 5 years of record, were analyzed using 
HYSEP, a computer program that automates the pro-
cess of hydrograph separation (Sloto and Crouse, 1996). 
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Figure 1.  Water-quality monitoring sites and wastewater-
treatment plants with estimated nutrient loads, upper 
Chattahoochee River Basin, 1976–2001.
Base modified from U.S.Geological 


















1  Chestatee River
2  Suwanee Creek
3  Chattahoochee River near Norcross
4  Big Creek
5  Sope Creek
6  Peachtree Creek
7  Chattahoochee River near Fairburn
8  Snake Creek
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The local-minimum method was chosen based on its 
close approximation to the straight-line method of man-
ual hydrograph separation.  Long-term patterns in base-
flow and storm runoff were analyzed and interpreted. 
 
RESULTS AND DISCUSSION 
 
Annual nutrient loads in the Chattahoochee River 
downstream from Metropolitan Atlanta (site number 9 in 
Fig. 1) decreased by more than a factor of three for total 
phosphorus from 1990 to 1998 (Fig. 2) and for ammonia 
from 1975 to 1998 (Fig. 3). By 2001, the contribution of 
total phosphorus to the Chattahoochee River from point 
sources was nearly equal to the estimated loads 
upstream of Atlanta (site number 3 in Fig. 1), an area 
largely unaffected by point sources. The significant 
decreases in total phosphorus loads from point sources 
and in the Chattahoochee River downstream from 
Atlanta are primarily the result of legislated restrictions 
on the use of phosphate detergents and improved 
efficiencies of phosphorus removal by WWTPs (DeVivo 
and others, 1995; Wangsness and others, 1994). 
However, the improved treatment efficiency at WWTPs 
that oxidizes ammonia nitrogen to nitrate nitrogen has 
resulted in increased nitrate loads in the Chattahoochee 
River downstream from Metropolitan Atlanta (Fig. 3). 
The oxidation of ammonia to nitrate in the WWTPs 
rather than in the receiving streams is beneficial to fish; 
 
Figure 2.  Annual instream and point-source 
total phosphorus loads and effluent discharge 
to the Chattahoochee River, 1975–2001 (num-





















































































Point sources (from wastewater-
   treatment plant effluent)
Chattahoochee River near Norcross (3)













Figure 3.  Annual instream and point-source
ammonia and nitrate loads and effluent discharge 
to the Chattahoochee River, 1975–2001 (number 
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Chattahoochee River near Norcross (3)













however, this oxidation does not significantly reduce 
the total nitrogen load to streams that may contribute to 
eutrophication in downstream water bodies. As popu-
lation and urban development have increased in Metro-
politan Atlanta, effluent discharged from WWTPs has 
continued to increase (Figs. 2 and 3), requiring more 
dramatic improvements to WWTP efficiencies to 
decrease nutrient loads from point sources. 
The volume of municipal treated effluent dis-
charged to water bodies in the upper Chattahoochee 
River has doubled from 1976 to present (2003) (Figs. 2 
and 3). Effluent currently represents from 4 to 25 percent 
of the average monthly flow of the Chattahoochee 
River downstream from Metropolitan Atlanta during 
the period from 1990 through 2000 (Fig. 4), with a 
median range from approximately 7 to 13 percent. 
Effluent contribution during summer is the least 
variable; however, summer and fall have the highest 
percentage of effluent in streamflow. 
The full range of baseflow alterations resulting from 
urbanization can be observed in the Metropolitan Atlanta 
area (Fig. 5). Peachtree Creek drains much of downtown 
Atlanta and is densely urbanized, with more than 20 
percent impervious surfaces covering the tributary 
watershed.  The baseflow component of total streamflow 
in Peachtree Creek has declined from approximately 50 
to 30 percent of total streamflow since continuous 

















































































Figure 4.  Percent of monthly average streamflow at the 
Chattahoochee River near Fairburn that was discharged 














in the baseflow decline does not appear to have been 
reached in this watershed, and it can be extrapolated 
that without any additional increase in urbanization, 
further declines in baseflow will occur. Conversely, 
baseflow components of total streamflow in Snake 
Creek and the Chestatee River, watersheds that had 
little to no urban development, have been more 
consistent over time. The estimated baseflows of these 
streams have high inter-annual variability and the 
highest percentages of baseflow for the records studied.  
The streams that occupy the middle range of the 
baseflow component of total streamflow, Suwanee 
Creek and Big Creek, are in the middle stages of 
urbanization. Because of limited streamflow record, the 
past baseflows of Suwanee Creek and Sope Creek 
cannot be estimated. However, the current annual 
baseflows in Sope Creek are approaching the estimated 
baseflows of Peachtree Creek. 
Estimates of impervious surfaces from 1995 land-
use data were derived for the watersheds shown in 
Figure 5 (Evelyn Hopkins, U.S. Geological Survey, 
written commn. with Daniel L. Calhoun, 2002).  Figure 
6 illustrates how impervious area can be used as a 
predictor of the baseflow component of total stream-
flow; likewise, the percentage of runoff that occurs as 
stormwater can be ascertained from this figure. A clear 
gradient of response exists in the median percent base-
flow for the 1990s relative to the level of impervious 
area.  An extrapolation from the slope of the trend line 
in Figure 6 shows that for each percent increase in 
impervious area in a watershed, there is a corres-
ponding decrease in baseflow of approximately 2 
percent. Because of continued urbanization in Metro-
politan Atlanta, the estimates of percent impervious 
area—based on 1995 land-use data—underestimate 
percent of impervious area in these watersheds in 2003. 
 
 
SUMMARY AND CONCLUSIONS 
 
Despite successes in the wastewater treatment 
industry, water quality in many if not most Metro-
politan Atlanta urban streams remains impaired 
(Georgia Department of Natural Resources, 2002).  
Improved treatment technology has decreased ammonia 
loads but has done little to reduce total nitrogen.  
Effluent discharges are increasing, resulting in higher 
percentages of effluent in streamflow.  Urbanization 
decreases the baseflow component of streamflow and 
increases the stormwater component.  Estimates of 
percent impervious surface within a tributary watershed 
to the upper Chattahoochee River can be used to predict 
the baseflow component of total streamflow of that 
tributary stream. 
Drought conditions, future increases in effluent 
discharge, decreased baseflows as a result of increased 
urbanization, and a proposed decrease in minimum 
flows released from Buford Dam to the Chattahoochee 
River all likely will increase the percent of streamflow 
in the Chattahoochee River that is comprised of effluent 
discharge.  Mitigating the effects of urbanization will 
be needed to protect the water quality and to maintain 
the baseflow and the physical structure of Metropolitan 















































 Chestatee River (1)
 Suwanee Creek (2)
 Big Creek (4)
 Sope Creek (5)
 Peachtree Creek (6)
 Snake Creek (8)
Figure 5.  Annual percent of streamflow that occurred as 
baseflow in tributary streams to the upper Chattahoochee 
River, 1941–2001. (Trend line is a 5-year moving aver-
age; number in parentheses is site number in figure 1.)  
 
 
Figure 6.  Relation of median baseflow component of total 
streamflow to percent impervious surface in six tributary 
watersheds to the Chattahoochee River, 1990–2000 
(number in parentheses is site number in figure 1).
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